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Abstract 
This dissertation was written as part of the MSc in Strategic Product Design at the In-
ternational Hellenic University.  
The main theme of dissertation is to analyze the Reverse Engineering and which are 
the applications in automotive industry. It includes introductory information about 
what RE is, how the car production process was before RE, how RE affected the pro-
duction, with its pros and cons, and after that there is a thorough analysis of the pro-
cess with sketches, real clay model ,  3D scanned models and surface engineering CAD. 
First of all, I want to thank my supervisor, Mr Panagiotis Kyratsis, who is Mechanical & 
Industrial Design Engineer and with his wide academic and working experience in au-
tomotive design gave me some crucial guidelines for this dissertation project. Moreo-
ver I want to thank the 3D lab staff in International Hellenic University, Mr Manolis 
Tzimtzimis, who supported me with the laser cutting and 3D scanning systems. Finally, 
I want to thank Rimac Automobili who responded to my request and provided me the 
blueprints of its car model.  
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Preface 
My passion for cars in combination with my postgraduate studies in Product Design, 
despite the different undergraduate studies in economics, were my source of inspira-
tion for this work .  
The text is intended to provide the reader with an introduction to a topic that is of 
concern when a vehicle is being designed from a sketch. There are a wide range of ref-
erences alluded to within the text that the reader can draw upon for more detailed 
information at each chapter.  
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Introduction 
As the industry evolves, the needs are increasing and the consumers become more 
demanding,  there is the need to find ways and solutions to overcome the difficulties 
and win the challenges in the field of production. The need for mass production 
forces companies to use techniques in order to make good products with reliable, 
low cost and time-effective procedures. 
“Reverse Engineering” 
The products become more complex and more organic in shape, so designing in CAD 
becomes more challenging and there is no guarantee that the CAD representation 
will replicate the sculpted model exactly and so, there is the need to fill the gap be-
tween what is “as designed” and what is “actually manufactured” with the use of 
Reverse Engineering. 
What Is Reverse Engineering? 
Reverse engineering is the process of duplicating an existing part, modular parts, or 
product, with or without drawings, documentations, or a digital model. Reverse En-
gineering includes a variety of approaches to replicate a physical object with the aid 
of drawings, documentation, or digital model data. In the broadest sense, reverse 
engineering is whatever it takes –by human or with the use of computer – to recre-
ate  something. 
Reverse engineering is also defined as the process of obtaining a geometric CAD 
model from 3-D points acquired by scanning/digitizing physical parts/products. Re-
verse engineering use physical model as source of information for the CAD model.  
Reverse engineering begins with the product and works through the design process 
in the opposite direction to arrive at a product definition statement (PDS). In doing 
so, it uncovers as much information as possible about which is the design concept 
and the production methods that were used to produce a particular product and 
how does it work 
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Picture 1  : CARE & CAD procedure 
A physical object is scanned with a 3D scanner. The scanners captures a cloud of 
points of the object and through an advanced software the points are interconnect-
ed appropriate and create polygonal meshes, which, after, are interconnected and 
create the 3D CAD model. 
 
 
Picture 2  : Physical-to-digital model creation 
Why Use Reverse Engineering? 
Below, there are some of the reasons for using reverse engineering: 
 The original manufacturer no longer exists, but a customer needs spare parts 
of a product  
 Products with long lifecycle have broken or dysfunctional parts, so they need 
replacement, but the product and the spare parts are no longer available in 
the market 
 The original product has become obsolete and no products are available with 
that technology 
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 The original product design documentation (blueprints) has been lost or nev-
er existed 
 Creating data to refurbish or manufacture a part for which there are no CAD 
data, or for which the data have become obsolete or lost 
 Decompose competitor’s products to see how they are made and how they 
work 
 Inspection and/or Quality Control–Comparing a fabricated part to its CAD de-
scription or to a standard item 
 Some bad features of a product need to be eliminated  
 Strengthening the good features of a product based on long-term usage 
 Analyzing the good and bad features of competitors’ products 
 Search for new ways to improve product performance and features 
 Creating 3-D data from a model or sculpture for animation in games and 
movies 
 Creating 3-D data from an individual, model or sculpture to create, scale, or 
reproduce artwork 
 Architectural and construction documentation and measurement 
 Fitting clothing or footwear to individuals and determining the anthropome-
try of a population 
 Generating data to create dental or surgical prosthetics, tissue engineered 
body parts, or for surgical planning 
Applications  
Reverse engineering is now widely used in numerous applications. It’s is extensively 
used in manufacturing industry, in sectors of daily use products, such as mobile 
phones, white devices, sound devices and household devices.  
    
Picture 3 & 4 : Examples of RE in consumer products 
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In megastructure manufacturing industry, such as airplanes, spaceships and space 
gear, automotives and weapons, the need for reverse engineering is a necessary 
condition, as the size of products goes in a bigger scale than the daily use products 
and there is the need to secure the best possible accuracy and performance, individ-
ually as parts and as completed uniform products.  
     
Picture 5 & 6 : Examples of RE in megastructrure industry 
As the time passes, there is an increasing use of 3D technologies and reverse engi-
neering technique in medical & safety sector. Companies now use reverse engineer-
ing to recreate body structures in order to have visible and tangible models of some 
body parts and, in combination with advanced material technologies, to recover bro-
ken or missing body parts. Moreover, by recreating 3D body parts, they can improve 
safety gears, such as firefighters helmets and boots.
        
Picture 7 & 8 : Examples of RE in medical & safety industry 
Nowadays, there is a new trend for using reverse engineering in clothing and foot-
wear industry. Because the body dimensions vary from one place to the other and 
companies try to measure them, in order to have a better compatibility with each 
market, use reverse engineering for better accuracy and less time-consuming proce-
dures. Additionally, many tailors use reverse engineering, as a lot of people want 
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better comfort and fit in their clothes and footwear, because the new products are 
just produced based on their body dimensions   
       
Pictures 9 & 10 : Examples of RE in clothing & apparel industry 
Moreoever, reverse engineering is used in archaeology. Archaeologists scan ancient 
ruins in order to recreate whole buildings or items, by retrieving the required  
informations from the small and big parts they find. The scanned files are archived to 
retain the arhaelogical finds in digital format, as the items can be  corroded or brake. 
In many cases, scanned files used to recreate replicas of ruins and items, in order to 
be placed in museums and showrooms without the risk of damage from light and 
ambient conditions. Also, they use them to make replica statues and gifts for 
touristic purposes 
      
Pictures 11 & 12 : Examples of RE in archaeology 
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 “Reverse Engineering In Car Design” 
As it was mentions before, automotive industry is one of the industry fields that re-
quire the use of digital representation of products and, especially, the reverse engi-
neering technology in order to work in bidirectional way from physical-to-digital and 
vice versa. 
The automotive industry, the largest manufacturing sector, has long been a leader in 
applying computer methods to streamline design and manufacturing. It also repre-
sents one of the most challenging arenas for computer-aided modeling because the 
geometric requirements are so diverse. Whereas exterior design is driven largely by 
human emotion and aesthetic concerns, other requirements are driven by ergonom-
ics, functional fit, structural integrity, aerodynamics, combustion processes, and 
manufacturability.  
Reverse engineering comes to solves many problems that occurred through the de-
sign process and because of some material properties and because of the shape 
trends that cars have to follow. 
Reverse engineering helps in creation of  free form shapes that are difficult to model 
in CAD software and complex geometries that a CAD model might not have. Also, 
gives the ability to resolve and correct problems arising from discrepancies between 
the CAD master model and the actual tooling or as-built part. It can speed up innova-
tion in many areas in terms of ergonomic design, retro-inspired design, combustion 
design, and aerodynamics, where CAD modeling often adds an unnecessary step and 
ensures quality and performance through computer-aided inspection and engineer-
ing analysis. 
 
Car Design Before RE  
From the old ages of automotive industry, we could say that design procedure fol-
lows the similar steps and  evolve them with the use of advanced technologies. In 
the beginning, the initial designs were made with the use of paper and pencil. Now-
adays, they tend to be replaced by advanced digitizers. . As the technology ad-
vanced, the more digitizing procedures were included in the process. The modular 
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design in combination with the market need  for more complex designs, introduced 
the clay modeling and the scanning process to help with the more difficult lean pro-
duction procedure.  With the clay model, the sketches are represented as physical 
objects and give a better 3-dimension perspective view. Then, the scanner takes ac-
tion.  
 
 
Picture 13  : CMM scanning process before RE 
With the use of CMM (coordinate measuring machine) scanner  you can capture few 
points required to create the basic form and structure. Then the lines and the curva-
tures are designed manually without accuracy and procession. This has a negative 
effect on the final product, as it may result to a product with totally different dimen-
sions and result. Thus, it needs many repetitions of the scan-surface design proce-
dure, in order to make step-by-step adjustments until obtaining the desired result. 
Car Design After RE  
Traditional CAD has had many successes in the auto industry, but there have also 
been failures. Automotive stylists still prefer the tactile feedback of sculpting in clay. 
Inspectors struggle to compare golden master parts against solid models. So, they 
continue the procedure that is followed before the introduction of reverse engineer-
ing in automotive industry but instead of using the previous point scanning proce-
dure, use the an advance laser scanner which captures much more points. The first 
generation of reverse-engineering algorithms focused on fitting curves over cross 
sections of points and then falling back to the curve-creation and lofting methods 
commonly used in CAD and modeling software. 
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The small-scale model is measured using a 3-D optical noncontact scanner, which 
outputs multiple pieces of dense 3-D point cloud data. Then, the point cloud data is 
aligned and merged into a single point cloud that is dense enough to represent the 
shape.  
 
 
Picture 14  : 3D laser scanning process after RE 
Reverse engineering software is used to construct the surface in a polygonal mesh 
for output to engineering analysis software or a rapid prototyping machine, and as a 
nonuniform rational B-spline (NURBS) surface for output to computer-aided design 
and manufacturing software. In that way, the accuracy in surface CAD is better be-
cause it gives more information through the spline guidelines 
Car Design Procedure 
Car design procedure consists of three main phases. The first phase is the conceptu-
alization of the car with sketched. After that, the car has to obtain a first physical, 
tangible format, because most of times, the real objects are not as good as they de-
signed and vice versa. When the physical model is completed and it is as the design-
ers want it, it must take a digital format and recreated through CAD systems, in order 
to proceed in the production 
Sketches  
The first stage of car design is the sketch of concept car. This stage is the stage of 
brainstorming. The design staff come together in the studio and starting sketching 
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either on paper or drawing digitizers. A lot of sketches are being created. Then, the 
phase of elimination starts till the selection of the final concept car sketch.  
 
Picture 15  : Concept car sketch 
As the main theme of my dissertation is to focus Reverse engineering part of car de-
sign, which mainly consists of clay modeling and digitalization of it, I decided to use 
some excisting sketches I found on a website and blueprints that Rimac Automobiliti 
provided to me. 
 
Picture 16  : Concept car sketch 
Accuracy at this early stage is not a prime requirement. The main purpose is to 
choose the basic concept. 
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Picture 17  : Concept car sketch 
Accurate sketches are required before the process can proceed to the next stage, the 
tape drawing. The concept sketches are being retouched in order to  have more 
realistic dimensions and curves and the blueprints are being issued 
 
Picture 18  : Concept car blueprints 
In this phase, tape drawing is used to capture the main lines of the  sketch and 
create a 3D dimensional drawing., which provides the basic aesthetic and 
proportional details and relations 
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Picture 19  : Tape drawing 
After having a clear image of the final design and lines, the concept has to acquire a 
physical and tangible format through clay modeling. 
Clay Model  
The most time consuming and the most important part of the studio operation is the 
physical creation of the models. While more products are starting in the virtual 
world, eventually designers need to touch, feel, and see physical representations of 
their work. Clay modeling has been a tool for designers for thousands of years. They 
can try something out, tweak it, scrap it, and try again. It turns the imagined into the 
real, and lets the idea speak for itself. Clay modeling also is important for evaluating 
how light interacts with the design. The process results in higher-quality design, as 
adjustments can be made to attain degrees of design unity that can’t easily be 
duplicated by working just with digital models.  
Clay has been used in commercial modeling for more than a century. It is easy to 
manipulate, and changes could be made in minutes. When complete, it can be 
painted or wrapped and detailed to look exactly like a finished car. But, it must be 
worked in specific environmental conditions because when clay dries out in hardens. 
Before applying the clay, an armature or substructure to support the clay must be 
built. 
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Picture 20: Clay model skeleton structure #1 
The required skeleton is being created by MDF cardboard with the use of laser 
cutter. The cut parts are assembled and created the main support skeleton. 
 
Picture 21: Clay model skeleton structure #2 
Afterwards, the gaps filled with Styrofoam which can be shaped in the required form 
and the excess parts can cut off 
Now the skeleton is ready to be covered with clay. In my case, because it is difficult 
and costly to find  industrial clay, I used plasticine, which is also better for my pro-
ject, because it was easier to work with it many times during a long period as it does 
not dry out 
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Picture 22: Begin with clay 
The model is covered with plasticine and now has acquired the general shape of a 
car 
 
Picture 23: Full body covered with clay 
From now on, a subtractive procedure commences in order to obtain the required 
shape  
 
Picture 24: Clay model sculpturing 
At first, there is the need to create the main lines of the car at the point of front and 
rear rounds, the windshield, the “nerve” lines on the sides that starts from the front 
and end to the rear and the fenders  
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Picture 25: Clay model sculpturing, model curves and lines 
Following the sketches and the tape drawings, the procedure continues with 
subtracting plasticine from the rear side of the roof, in order to create the lower 
curved middle part and the rear boot curvature.  
 
Picture 26: Clay model sculpturing, roof & upper back side 
On the front side, the lights and the grill is engraved and plasticine is subtracted and 
then sculptured in order to make the curvature which starts from the skirt and ends 
in grill. With care, plasticine is removed from the sides to create tunnels for better 
aerodynamic flow.  
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Picture 27: Clay model sculpturing, Front, hood, windshield 
The process goes back and forth many times, from front to rear and vice versa,  as 
changes are needed because additions and subtractions of plasticine are being made 
and there is the need for corrections in the shape, curvatures and lines 
 
Picture 28: Clay model sculpturing, Rear side 
After having the main shape and the curves, we need to take care of the details, such 
as side air intakes and front and rear skirts. Plasticine is added on the sides to create 
the bump on which the air intake is formed.  
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Picture 29: Clay model sculpturing, Side air intake detail 
Because plasticine is not as malleable as industrial clay and cannot been sculptured 
with clean cuts, the final model is not as smooth as it is required. 
 
Picture 30: Clay model completed 
The clay model is being finished and after last corrections, it is ready for scanning 
  
Picture 31: Clay model completed 
3D Scan 
The clay model now has to be translated into digital 3D sketch with the use of scan 
software, in order to have the required data to create the final products in the lean 
production. For that reason, we use 3D laser scanner to capture whole surfaces of 
the car model and its details.  In the university’s lab, I used the NextEngine 3D 
scanner.  
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Picture 32: NextEngine 3D Scanner HD 
NextEngine 3D scanner uses a laser triangulation technology. A laser beam is 
projected on the object at the center of the rotating plate. Degree after degree the 
plate turns so the object can be 3D scanned from all sides. 
 
Picture 33: Scanning Process 
At first, the model positioned horizontally, to capture all the surfaces on the side, the 
rear and the front. As the model is 3D and the scanner scans from a single viewing 
angle, there is the need to rotate the model and scan it from another viewing angle.  
   
  -18- 
 
Picture 34: Horizontal Scan 
So I did. The model rotated in vertical position and  new scan captured the upper and 
lower surfaces.  
The more scans are being made the more information you get and the less gaps in 
the model you have. But more scans need more time. So you have to find the 
balance between the adequate level of information you need and the time you can 
spend. 
 
Picture 35: Vertical Scan 
Because of some details and gaps in the model, such as the side air intakes and the 
wind tunnels in the front skirts, it was needed to make additional single part scans  
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Picture 36: Right Side Scan 
Moreover, as there was occured a problem while alligning the different scans, 
because the software didn’t have the required infromation to find similar points to 
make the allignment, it was needed to make an additional single scan.  
 
Picture 37: Left Side Scan 
The four scan files were imported into reverse engineering software, where they 
were merged and triangulated into a watertight polygonal mesh 
 
 
Picture 38: Scans allignment 
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After the allignment, the completed model is being fused, and the software, through 
an algorithm, creates bridges between point clouds and fills the remaining gaps. As 
expected, the surface that is created isn’t smooth. This will have an affect in the next 
stage of CAD surfacing 
 
Picture 39: Scans Fuse 
Now, the model can be extracted as solid format (stl. file) or as digital model with 
splines for further processing in surface creation. I decided to export a grid of splines, 
because I believed that splines from all axies will provide more information to use in 
surface engineering. 
 
 
 
Picture 40: Point Cloud Splines 
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3D Surfacing CAD 
The next stage of the process is to import the spline grid from the scan into the CAD 
in order to make the surfaces by following the splines 
 
Picture 41: CAD early stage 
As it is previously mentioned, because the  surface of the model isn’t smooth, I didn’t 
get  straight splines and the model has some defects and this can lead into wrong  
line directions and curvatures. Hopefully, in my scan, the model got the shape I 
needed and I had the required crucial lines to get a good result. This helped me a lot, 
as I used this lines and the grid crossings to design the surfaces as close to the re-
quired positions and curvatures. 
 
Picture 42: Main Body (with splines) 
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For the creation of the 3D CAD model, in the areas that I couldn’t use the splines, as 
they were very rough and inaccurate, I created my own splines with 3D sketches, in 
order to follow as better I could to the directions and the curvatures of the correct 
lines. After that, I used the “boundary surface” command in the most cases, as the 
lines were clear and there were not so many difficult parts or angles between 
surfaces. 
 
Picture 43: Completed Main Body, front isometric view (with splines) 
For the front skirt, because the sketch that was created wasn’t quadrilateral, as the 
sides had many corners and direction changes, it would be difficult to create the sur-
face with the “boundary surface” command. So, I used the “filled surface” command,  
with which you choose the continuous edges to create a closed loop and then a 
surface is created to fill the gap. Moreover, for the flaps on the front skirt, the rear 
skirt and the air intakes on the sides, I used the “lofted surface” as there was the 
need to follow a specific guideline and changing curvature.     
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Picture 44: Completed Main Body, back trimetric view (with splines) 
Also, the additional scans, gave more information and details for areas like the rear 
side, especially the rear light area, and the front grill   
 
Picture 45: Completed Main Body, top view (with splines) 
Despite the bad surface smoothness of clay model, the scan captured the lines and 
the curves of the model 
  
Picture 46: Completed Full Body, back isometric view (with splines) 
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In order to save time and have a symmetrical result, when the half model is finished 
use the surface mirror command with the use of a tangent plane to the line in the 
middle that starts from the front and ends to the rear , to duplicate the surfaces.  
 
Picture 47: Completed Full Body, front isometric view (with splines) 
As you can see in the image below, the clay model wasn’t symmetrically sculptured. 
That’s is a disadvantage of clay modeling and when sculpturing there is the need to 
keep in mind of it, especially when the mirror feature is not used in surfacing and the 
whole model is created manually. 
 
Picture 48: Completed Full Body, top view (with splines) 
After mirroring, check the CAD for deflections, like the one I had in the roof of the 
model and make the appropriate adjustments.  
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Picture 49: Final Render with material and color, front isometric view 
Finally, an edit of the appearance to look like the concept sketches and  rendering 
are required for better presentation of the model and visualization of light deflection   
 
 
Picture 50: Final Render with material and color, back isometric view 
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Conclusions 
Reverse engineering is a very important technology that is increasingly used by  fur-
ther more companies and in more applications. It helps creating better products and 
improve the existing in technical aspects and to stay ahead of the competition while 
encouraging healthy competition and price pressures in the open market, by de-
creasing the design and production costs, when they produced in big quantities. As 
the scale of the real products is big and they contain a lot of details and design in-
formation, the quick scanning process replaces the slower manual CAD design. That 
results in shorter design time, which gives more freedom to designers and the ability 
to make adjustments. Moreover, an important advantage of reverse engineering is 
that designers can go back and forth between digital renderings and clay models as 
many times it is required and independently of whether the starting point is a physi-
cal part or a digital model. The key here is to use both representations for better un-
derstanding of the concept and the required information and their transformation 
into the right product. 
Despite the digitization in the automotive industry and the omission of   physical clay 
model from some companies, most of them still continue using it as it provides some 
crucial information. Also, with the use of laser scanners, instead of CMM scanners, 
the gap between “as designed” and “as produced” closes, as more information from 
the physical model are identically transferred in the digital model with the use of 
point clouds. 
This digital data, can be stored and archived by the companies to maintain design 
information about the previous car models and might use them for model facelifts or 
adjust and retouch them to make some new models in the future. 
Reverse engineering, also, can create ethical and legal issues with copyrights and 
counterfeit products. There are a lot of cases, especially in automotive industry, in 
which smaller car industries, in order to avoid R&D costs and to gain market share, 
produce ersatz, cheaper cars that look like the original cars.  
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The main theme of my dissertation is to make an introduction about what reverse 
engineering is, how it works and how it has affected the automotive industry. I can 
say that it has a significant contribution in the evolvement of car production as well 
as  the design trend, because it gave the ability to create shapes and geometries that 
make  easier their production but the CAD didn’t have the capability to form. The 
drawback of both clay model  and 3D CAD is that they do not take into consideration 
the deflects (shrinkages, cracks, rough surfaces and edges) when processing and 
forming the materials to take the required shapes. So, there is the need to experi-
ment with the production and , when designing, take into account the changes that 
occurred. As it happened in my dissertation, I took into consideration the abnormali-
ty that occurred because of different material, other than clay, and I adjusted my 
strategy in CAD creation and I skipped some wrong lines to minimize the probabili-
ties of failure. Additionally, reverse engineering is not appropriate for all products. 
You have to balance the pros and cons between the “conventional” forward engi-
neering and the reverse engineering, because it might cost a lot of money and will 
not have the required results.  
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